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(54) Optical vehicle display 

(57) Optical vehicle display having a set of LEDs 
arranged in a matrix and having control circuit means 
which act as a controllable current source and as con- 
trollable voltage source, so that a constant current can 
be applied for each LED and the respective voltage is 
established accordingly. An optical vehicle display 
designed in this way permits a design as a taillight, 
brake light, flashing indicator and the like in a motor 
vehicle with favorable production at the same time due 
to reduced faulty assembly and simple adjustment of 
the light values. 
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Description 

[0001] The invention relates to an optical vehicle 
display with a set of LEDs connected in series and/or in 
parallel, where the set of LEDs is connected to control 
circuit means. 

[0002] Such optical vehicle displays are known as 
the additional third brake light on passenger vehicles, 
where the LEDs are connected in a parallel connection 
of n series connections with a maximum of three to four 
LEDs or as a matrix circuit in a series connection of a 
maximum of three to four parallel connections of n 
LEDs of the same forward voltage class. To set the cur- 
rent, the LEDs are provided with series resistors, where 
the resistance values are selected as a function of the 
forward voltage class of the respective LEDs. 
[0003] It would essentially be advantageous to also 
use LEDs for implementation of the incandescent bulbs 
used in the past, especially for taillights, brake lights, 
back-up lights, flashing indicators, etc. on automobiles. 
Disadvantages of incandescent bulbs include the fact 
that they have a poor efficiency and a limited lifetime; 
corresponding colors (wavelengths) must be imple- 
mented with additional filters which produce additional 
losses; incandescent bulbs are bulky and therefore a 
shallow design adapted to the shape of the vehicle is 
impossible; due to the limited lifetime, it is necessary to 
use lamp sockets that permit a simple replacement and 
thus also take up additional space in the vehicle; incan- 
descent bulbs have a delayed turn-on response, which 
is manifested especially in braking operations; and 
brightness control of incandescent bulbs with direct volt- 
age is possible only with loss resistance and thus with 
corresponding heating. 

[0004] in comparison with these disadvantages of 
incandescent bulbs in the automotive area, LEDs have 
a long lifetime and permit space savings due to the 
small flat design and the possibility of the three-dimen- 
sional arrangement of the lighting elements, for exam- 
ple, in the trunk area of a passenger vehicle. In addition, 
different colors are possible since a light spot of any 
color can be produced with a mixture of red, green and 
blue LEDs, or LEDs with different colors. Due to the 
possibility of rapid turn on, they present an increased 
safety aspect, especially when used as a brake light, 
lengthening the stopping distance for the following auto- 
mobile by approximately five meters when traveling at a 
speed of 120 km/hr. for example, because it is possible 
to detect the leading car's braking action sooner. In 
addition, LEDs have a high shock resistance and vibra- 
tion resistance as well as a lower inherent temperature. 
The power required to produce the same brightness is 
lower by a factor of 4 to 5. 

[0005] Nevertheless, in implementation of LEDs, 
especially for brake lights and taillights, with the possi- 
ble implementations available in the past there has 
been a high power consumption, which is converted 
almost completely into heat at resistors and semicon- 



ductor components (typically 3 to 5 watts). This evolu- 
tion of heat in conjunction with temperatures occurring 
in the vehicle can lead to an unacceptably high chip 
temperature of ^ore than 125°C under conventional 
5 installation conditions. Therefore, to prevent additional 
heat problems with the LED brake lights known in the 
past, the number of LEDs per light is preferably selected 
as an integral multiple of 3 or 4. The arrangement of 
resistors and/or semiconductor components on the LED 
10 circuitboard represents an additional thermal stress for 
the LEDs. Another problem for mass production of such 
lights is the different forward voltage classes of the 
LEDs because a mixed assembly is impossible espe- 
cially with the above-mentioned matrix circuit with a 
is series connection of a maximum of 3 to 4 parallel con- 
nections of n LEDs in the same forward voltage class. 
Consequently, several different forward voltage classes 
must be processed for each light project, which leads to 
an undesirable variety of variants. With the series resis- 
20 tors used in the past, the working point of the LEDs can 
be set only for one voltage value of the on-board voltage 
in the vehicle, so that the wide distribution of the forward 
voltages of an LED within one class always leads to a 
blurred setting of the working point in the case of a 
25 resistance circuit. Superpositioning of several toler- 
ances (reflector quality, geometric tolerances, band 
width of the brightness classes, resistance tolerances, 
band width of the forward voltage classes, transmit- 
tance of the light disk and the optically effective ele- 
30 ments) can lead on the whole to a wide scattering of the 
light values in mass production. 
[0006] The object of the present invention is there- 
fore to propose an optical vehicle display that over- 
comes the disadvantages mentioned above and is 
35 suitable for installation as a signal lamp in a motor vehi- 
cle in particular. This object is achieved by means of an 
optical vehicle display having the features 
[0007] of the main claim. Additional advantageous 
embodiments are given in the subclaims. 
40 [0008] According to this invention, the set of LEDs 
has a matrix of LEDs, where the matrix consists at least 
of one column of at least one LED, with the LEDs in the 
column connected in series and the columns connected 
in parallel. Each column of the LED matrix is connected 
45 to first control circuit means which act as a controllable 
current source, and the set of LEDs is connected to sec- 
ond control circuit means which act as a voltage source 
for adjusting the voltage across the LEDs as a function 
of the current set. This arrangement results in constant 
so current operation in each column, i.e., in each LED 
branch, so this eliminates the division of different 
classes of forward voltages, and different forward volt- 
age classes can be arranged in one branch. Therefore, 
this reduces the variety of variants in assembly as well 
55 as the danger of faulty assembly. The constant current 
yields an accurate working setting of the LEDs. Since 
no resistors are necessary to adjust the individual 
LEDs. this eliminates the corresponding production of 
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heat at the resistors. The number of LEDs can be 
selected freely, i.e., no gradation in multiples ot 3 or 4 is 
necessary. On the whole, this yields a lower total power 
consumption by the system. 

[0009] The column given in the definition of the 
matrix is one LED or a series connection of several 
L^Ds in each column. Several columns or branches can 
be connected in parallel. In this connection, the term 
row could also be used instead of the term column for 
the arrangement of LEDs (depending on the angle of 
observation). 

[0010] The first control circuit means have a corre- 
sponding number of current sources, depending on the 
number of LEDs and the arrangement either all in rows 
or with several columns connected in parallel with LEDs 
connected in series. By means of the controllable cur- 
rent sources, the desired brightness can be set by set- 
ting the current. The second control circuit means, 
controlled by the first control circuit means, automati- 
cally set the proper voltage needed, depending on the 
circuit arrangement and the current set. Thus, the volt- 
age must be adjusted upward by the second control cir- 
cuit means in comparison with the voltage supplied by 
the vehicle wiring system when using only one column 
with a plurality of LEDs in series, whereas the voltage is 
reduced with an arrangement of several parallel col- 
umns with a few LEDs. In addition, the combination of 
upwards and downwards conversion is possible. 
[0011] To achieve a minimal power consumption, 
the lowest possible voltage required for proper function- 
ing of the LEDs is set by means of the second control 
circuit means. According to a preferred embodiment, 
the control circuit means contain logic circuit means; 
programming and setting of the constant current 
sources takes place over these logic circuit means. The 
voltage in the second control circuit means is set for 
example by a dc-dc converter with pulse width modula- 
tion (PWM). 

[0012] In the event of failure of one or more LEDs, 
either the entire display may fail, depending on the 
arrangement, or further operation may be allowed, 
assuming corresponding brightness values. According 
to another embodiment, the logic circuit means delivers 
a signal in either case, providing an indication that a 
replacement is necessary or compensation is possible. 
[0013] Especially for production of the complete 
optical vehicle displays, it is necessary in final inspec- 
tion to compensate for manufacturing tolerances and to 
set different brightness classes at the same light value. 
For this reason the first control circuit means have set- 
tings and/or control means with which it is possible to 
set the current flowing through the LED externally. An 
example for such a setting and/or control means could 
be a photo detector which measures the ambient light in 
order to properly set the LED current. A proper selling of 
the LED current may compensate for different daylights 
or weather conditions. 

[0014] In another embodiment means to define the 



temperature are supplied which are connected to the 
logic circuit means. For example, the temperature can 
be defined by measuring the forward voltage of one or 
more LEDs, so that by controlling the LED current the 

5 maximum junction temperature will never be exceeded. 
[0015] According to another embodiment, the logic 
circuit means switch the LEDs on and off in a cycle with 
a frequency that is invisible to the human eye to adjust 
the brightness in day and night operation and to turn a 

10 tail light into a stop light and vice versa. This measure 
provides a uniform load on the LEDs with regard to their 
lifetime. 

[0016] The first and second circuit means and the 
logic circuit means may be arranged either in the area of 
is the lights in the vehicle, in the plug connector to the 
respective light or in the area of the central control elec- 
tronics of the vehicle. 

[0017] The invention is explained in greater detail 
below in conjunction with the figures, which show: 

20 

Figure 1 : the basic circuit arrangement for a load 
with LEDs connected only in series; 

Figure 2: the circuit arrangement for the load in Fig- 
25 ure 1 ; 



Figure 3: the basic circuit arrangement for a load 
with several parallel connected column 
arrangements of LEDs; and 

Figure 4: the circuit arrangement for the load 
according to the basic circuit in Figure 3. 



30 



[0018] The basic circuit shown in Figure 1 shows 

35 the arrangement of a parallel connection of load 1 and 
capacitor 2. This parallel connection is itself connected 
to the signal triggering scurce, e.g., at a central location 
(not shown) by way of a series connection of diode 3 
and coil 4. A control circuit 5 is connected between coil 

40 4 and diode 3 and is connected in parallel to diode 3, 
capacitor 2 and load 1. Control circuit 5 sets the voltage 
required for operation of load 1 by pulse width modula- 
tion by means of switch 6. Control circuit 5 is connected 
by line 7 to logic circuit 8 shown in Figure 2. 

45 [001 9J Figure 2 shows the structure of load 1 from 
Figure 1 with a plurality of series connected LEDs 9. For 
example, the known high-performance LEDs can be 
used as LEDs. Essentially, however, it is also possible 
for three LEDs with the colors red, green and blue 

so together to form one light point and produce the desired 
color for the light by appropriate triggering. As Figure 2 
shows, each LED can be short-circuited over a switch 
1 0, so that in the event of a failure of one LED, the other 
LEDs may continue to operate by short-circuiting the 

55 corresponding LED by means of logic circuit 8. or dim- 
ming of the LEDs can be performed by short-cutting the 
LEDs by means of circular variation. Another control cir- 
cuit 1 1 which is connected to logic circuit 8 is connected 
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in series with LEDs 9. Logic circuit 8 is also connected 
by line 12 to the input of control circuit 11. A constant 
current through the LEDs is set as current adjust by 
means of logic circuit 8 via control circuit 1 1 and sensing 
circuit 1 1b, regardless of how many LEDs 9 are in oper- 5 
ation. No separate current source is necessary because 
control circuit 5 sets the voltage for only one branch of 
series connected LEDs 9 as representative of all series 
connected LEDs 9 as a function of control circuit 1 1 and 
the set current. In this embodiment, the voltage across w 
all the LEDs must be adjusted upward to 60 volts, for 
example, in comparison with a lower on-board voltage 
of 12 volts or 20 volts, for example, due to the series 
connection of the LEDs. Logic circuit 8 is also con- 
nected to a means 1 3 to measure the forward voltage of rs 
one or several LEDs, to be able to regulate the current 
by means of control circuit 11 as a function of the tem- 
perature. 

[0020] In the basic circuit according to Figure 3, the 
same elements are labeled with the same reference 20 
numbers. In comparison with the basic circuit according 
to Figure 1 , coil 4 is connected here in series with the 
parallel connection of capacitor 2 and load 1 because of 
the modified design of the load. Diode 3 is arranged par- 
allel to this series connection in the blocking direction. 25 
Just as in the previous example, the voltage on the load 
is set on the basis of the current with control circuit 5 
and the respective switch 6 which is operated by pulse 
width modulation in signal line 14. 

[0021] Figure 4 shows the design of the load and 30 
shows several parallel connected columns of LEDs 9 
connected in series, where each series connection is 
assigned to a current source which is connected to a 
logic circuit 8. Logic circuit 8 is connected to control cir- 
cuit 5 over line 7. A constant current in each branch is 35 
guaranteed by means of current sources 15 because of 
the parallel connection of the individual LED branches 
9, so the constant currents are applied by means of cur- 
rent sources 15 which are connected to control circuit 
1 1 , which control circuit includes an ambient light sens- 40 
ing circuit 11b. In the embodiment according to Figures 
3 and 4, control circuit 5 is set at a lower voltage, e.g., 
8.5 volt, than the on-board vehicle network due to the 
parallel connection of individual LED columns. In both 
embodiments, the current range required for the desired 45 
brightness is programmed with the appropriate factors, 
taking into account the manufacturing tolerances. The 
respective voltage is then established as a function of 
the applied current, where control circuit 5 is always set 
at the lowest required voltage for optimum operation of so 
the LEDs. 

[0022] Terminal 16 on logic circuit means 8 is used 
for external setting and programming of the desired and 
required constant currents, e.g.. at the end of the band, 
to compensate for production tolerances or for setting 55 
identical light values in different brightness classes of 
LEDs 9. Failure of individual LEDs 9 can be reported to 
a central location over an additional line (not shown). 



Claims 

1. An optical vehicle display with a set of LEDs which 
are connected in series and/or in parallel, with the 
set of LEDs being connected to control circuit 
means, characterized in that 

the set of LEDs has a matrix of LEDs. with at 
least one column of at least one LED. with the 
LEDs in each column being connected in 
series and the columns being connected in 
parallel, 

each column of the LED matrix is connected to 
first control circuit means (8, 11, 15) which act 
as a controllable current source, and 

the set of LEDs (9) is connected to second con- 
trol circuit means (5, 6) which act as a voltage 
source for adjusting the vottage across the 
LEDs (9) as a function of the set current. 

2. An optical vehicle display according to Claim 1, 
characterized in that for minimal power consump- 
tion, the second control circuit means (5, 6) estab- 
lish the lowest possible voltage required for proper 
functioning of the LEDs. 

3. An optical vehicle display according to one of the 
preceding claims, characterized in that the first con- 
trol circuit means (8. 11, 15) contain logic circuit 
means (8) which are connected to the second con- 
trol circuit means (5). 

4. An optical vehicle display according to one of the 
preceding claims, characterized in that the voltage 
is set in the second control circuit means (5) by 
pulse width modulation. 

5. An optical vehicle display according to one of the 
preceding claims, characterized in that the logic cir- 
cuit means (8) deliver a signal when one or more 
LEDs fail. 

6. An optical vehicle display according to one of the 
preceding claims, characterized in that the first con- 
trol circuit means (8. 1 1 , 15) has connection means 
(16) and control means (11b) for the setting of cur- 
rent by LEDs dependent on the ambient light and/or 
ambient condition. 

7. An optical vehicle display according to one of the 
preceding claims, characterized in that means (13) 
are arranged to measure the forward voltage of one 
or several LEDs in order to set the LED current 
below the maximum allowed junction temperature. 

8. An optical display device according to one of the 
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preceding claims, characterized in that the logic cir- 
cuit means (8) switch the LEDs cyclically at a fre- 
quency that is not visible to the human eye to set 
the brightness in day and night operation. 
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